Chitin, abundant in nature, is a renewable resource with many possible applications in 20 bioengineering. Biosensors, capable of label-free and in-line evaluation, play an important role in 21 the investigation of chitin synthesis, degradation and interaction with other materials. This work 22 presents a comparative study of the usefulness of a chitin surface preparation, either on gold or on 23 polystyrene (PS). In both cases the most common method to dissolve chitin was used, followed by a 24 simple spin-coating procedure. Multi-parametric surface plasmon resonance (MP-SPR), modeling 25 of the optical properties of the chitin layers, scanning electron microscopy, and contact angle 26 goniometry were used to confirm: the thickness of the layers, the refractive indices of the chitin 27 layers, the hydrophobicity, the binding properties of the chitin binding domain (CBD) of Bacillus 28 circulans, and the split-intein capture process. Binding of the CBD differed between chitin on gold 29 versus chitin on PS in terms of binding strength and binding specificity due to a less homogenous 30 structured chitin-surface on gold in comparison to chitin on polystyrene, despite a similar thickness 31 of both chitin layers in air and after running buffer over the surfaces. The use of the simple method 32 to reproduce chitin films on a thin polystyrene layer to study chitin as a biosensor and for chitin 33 binding studies was obvious from the SPR studies and the binding studies of CBD as moiety of 34 chitinases or as protein fusion partner. In conclusion, stable chitin layers for SPR studies can be 35 made from chitin in a solution of DMA and LiCl followed by spin-coating if the gold surface is 36 protected with PS. 37 38 Introduction 39 40 Chitin, along with its derivatives, is an increasingly popular biomaterial due to several useful 41 properties, including biodegradability, low immunogenicity, non-toxicity, and biocompatibility [1-42 3]. Chitin is the main constituent of the exoskeletons of arthropods and is also found in fungal cell 43 walls and it is the second most abundant biopolymer after cellulose [3]. Chitin easily be processed 44 in to a number of derivatives, e.g. chitosan; these have shown promising applications in a broad 45 range of areas, including food science, medicine and agriculture [4]. 46
One analytical method, which is highly compatible with thin layers is surface plasmon resonance 75 (SPR). It is a highly sensitive, non-invasive, and label-free technique that is used extensively for 76 surface interaction studies between polymers and proteins [16] . In addition, it has been used to 77 evaluate a chitin-coated surface in the past using ionic liquids as a solvent [2] . However, no simple 78 protocol for the preparation of thin chitin layers using DMA/LiCl as solvent on SPR gold sensors 79 has been established yet. 80
81
In this contribution, we demonstrate that the precipitation of chitin using the common DMA/LiCl 82 solvation method onto a gold surface for subsequent SPR analysis poses a challenge due to the 83 surface properties of gold, but can be protected by an additional coating of polystyrene prior to 84 chitin coating. The composition, thickness, available binding surface, surface hydrophobicity, and 85 ability to interact with a CBD of chitin were characterized with multi-parametric surface plasmon 86 resonance (MP-SPR), scanning electron microscopy (SEM), and contact angle goniometer with two 87 different SPR sensors: bare gold and a polystyrene coated gold. The binding constants of a chitin 88 binding domain fused to a split intein and its split intein counterpart were determined for both 89 systems, as well as the differences in behavior of chitin on gold versus polystyrene after spin 90 coating. 91 92 Methodology 93
Materials 94
Unless specifically mentioned all commercial chemicals (dimethylacetamide (DMA), LiCl, 95 hexofluoroisopropanol (HFIP), EDTA, DTT, NaN 3 , triethanolamine hydrochloride (TEA), Tris, 96 sodium chloride, ampicillin, Isopropyl β-D-1-thiogalactopyranoside (IPTG), magnesium chloride) 97
were obtained from Sigma-Aldrich (USA). Reaction buffers and media used were composed as 98 follows: Buffer A: 100 mM TEA, 1 mM EDTA, 1mM DTT, 1mM NaN 3 , pH 7.6 (at 25° C). Buffer 99 Tris/HCl, 100 mM sodium choride, pH 7.0 (at 25° C). Buffer D: 50 mM Tris/HCl, 50 mM NaCl, 101 pH 8.0 (at 25°C). DNAse and RNAse were obtained from Epicentre (Madison, WI, USA). 102
Phenylmethylsulfonyl fluoride (PMSF) was obtained from ThermoFisher Scientific, USA. 103
EnPressoB medium was obtained from BioSilta Ltd. (U.K); currently available via EnPresso GmbL 104 (Berlin, DE). 105
106

DNA methods 107
The eGFP gene from the pEGFP-C1 plasmid (Clontech, USA) was cloned into the pTYB21 108 plasmid, containing the SceVMA1 gene (NEB, USA) to yield the eGFP-SceVMA1 Intein-CBD 109 construct with use of Gibson Assembly® (NEB, USA) according to manufacturer's instructions. 110
The eGFP gene was also cloned into a pMMRSF17 plasmid that contained the NpuDnaE Intein 111 gene in the same way (the full construct was a gift from Hideo Iwai based on Addgene plasmid # 112 20178). In order to generate the CBD-NpuDnaE N∆16 gene, the CBD of the chitinase A1 (CBD ChiA1 ) 113 enzyme of Bacillus circulans WL-12 was isolated from the pTYB21 plasmid (NEB, USA) using the 114 following primers in a gradient-PCR reaction using Dynazyme II polymerase (ThermoFisher 115 Scientific, USA): 116
'5-GGAATTCCATATGACAAATCCTGGTGTATC-3' and 117 5'-GGATCCGAATTCTTGAAGCTGCCACAA-3' (fragment A) and the NpuDnaE N∆16 gene 118 isolated from the pMMRSF17-NpuDnaE with primers 119 5'-GAATTCGGATCCGCCTTAAGCTATGAAACGAA-3' and 120 5'-CGTTAAGCTTATTGAAGCTGCCACAAGG-3' (fragment B). The last primer introduced a 121 mutation (Cys à Ala) at position one of the NpuDnaE N∆16 gene and a linker sequence (EFGS) 122 between the CBD and NpuDnaE N∆16 in the final construct in pET21a (see below). In order to 123 generate the NpuDnaE C16 _ eGFP gene, the NpuDnaE C16 was isolated from the pMMRSF17-124 5'-CCCTTGCTCCCATATTAGAAGCTATGAAG-3' (fragment C) and the eGFP gene was 126 isolated from pTYB21-eGFP-Intein-CBD plasmid described above with primers 127 5'-TCATAGCTTCTAATATGGTGAGCAAGGGCGA-3' and 128 5'-TTTCAAGCTTTTACTTCTACAGCTCGTCCATGC-3' (fragment D). In an overlap extension 129 gradient-PCR (42° C -60° C; 15 cycles) fragments A and B were combined with use of Dynazyme 130 II polymerase (ThermoFisher Scientific, USA). Fragments C and D were combined in similar way 131 (38° C -45° C; 15 cycles). Faint bands in the latter were amplified with PCR and all reactions were 132 cleaned up with NucleoSpin® Gel and PCR Clean-up columns (Macherey-Nagel, DE induced with 0.4 mM IPTG after 24 h and grown for another 24 h under the same conditions. Cells 148 were separated from the media via centrifugation (16 000 * g for 15 min) and then lysed by freezing 149 mM PMSF (ThermoFisher Scientific, USA), and MgCl 2 in buffer D. The insoluble fraction was 151 removed by centrifugation (15 min at 9000 * g). The soluble protein fraction of CBD-NpuDnaE N∆16 152 was loaded onto a 1 ml HiTrap DEAE FF column (GE healthcare USA) and eluted with buffer D at 153 incremental sodium chloride concentrations (100 mM, 150 mM, 200 mM, 250 mM, 500 mM). The 154 soluble pooled and concentrated protein fractions of NpuDnaE C16 -eGFP were heated at 70° C for 20 155 min, insoluble proteins removed by centrifugation (15 min; 16 000 *g), and the supernatant loaded 
Chitin coating 165
Chitin was dissolved in DMA and 5% LiCl according to Austin P.R. (1984) [21] at a final 166 concentration of 0.1% (w/v). Bare gold sensors were spin-coated with 100 μl for 60 sec. at 3600 167 rpm; polystyrene coated senors (BioNavis Ltd., Ylöjärvi, Finland) were spin-coated by adding 100 168 μl to the sensor and then after 60 sec. the sensor was spin-coated at 60 sec. at 3600 rpm. The 169 sensors for SPR were used only once and spin-coated immediately before use, since LiCl leached 170 the gold off of the bare sensors after drying for longer periods at 60° C, and subsequent rehydrating 171 For scanning electron microscopy imaging the sensor was spin-coated prior to placement in 173 the vacuum chamber of the SEM microscope (application chamber) to determine the structure 174 (BioNavis Ltd., Ylöjärvi, Finland) instrument and buffer was applied to the flow cell area at 20 °C, 176 with a flow rate of 20 μL/min. Samples were allowed to air-dry for at least 15 minutes before SEM 177 imaging of the flow cell area and the areas outside the flow cell under the same conditions. 178
179
MP-SPR measurements 180
Measurements were performed with a multi-parameter SPR Navi™ 200 (BioNavis Ltd., Ylöjärvi, 181 the case of Au and PS) with out chitin) the mean of frames from 45 second to 60 second was 220 calculated. For the contact angle of water on the chitin surfaces (dry or wet) the rate of the contact 221 angle change was different, but lower than 1° at the end of each measurement. 222
Result and Discussion 224
Surface properties of the spin coated sensors 226
We observed in polystyrene (PS) 96-well plates with (a) 0.1% chitin solution in DMA/5% LiCl and 227 (b) 0.1% chitin solution in HFIP [14] , and subsequently dried overnight in an oven with a fan at 60° 228 C, that (i) chitin precipitated out of DMA/5% LiCl formed large crystal structures and that non-229 reproducible amounts remaining in the wells after washing with vigorously with water, (ii) chitin 230 precipitated out of HFIP formed a layered gel, which after upon adding water detached from the PS 231 surface, (iii) eGFP-intein-CBD (IMPACT TM kit [22], New England Biolabs, USA) was able to bind 232 and release eGFP according to the kit instructions from crude cell lysates (data not shown). We also 233 used the eGFP-intein-CBD crude lysate to determine that the CBD does not bind to Au (data not 234 shown). Therefore, in order to study chitin binding and the binding/release of split-inteins, SPR Au 235 sensors coated with chitin were initially dried overnight at 60° C. However, the gold was leached 236 from the retrieved SPR sensors after the experiment (i.e. the gold and chitin layer detached from the 237 glass surface; figure 2). For this reason all binding experiments here reported were performed with 238 buffer B in order to scavenge the LiCl from the surface. In addition, PS coated Au SPR sensors 239 were utilized as well and directly compared. 240
241
The cleaning protocol of gold has an effect on the hydrophobicity of the surface (table 1). Au 242 surfaces boiled for 15 min in a NH 3 (30%)/H 2 O 2 (30%)/H 2 O (1:1:5, v/v) oxidizing solution were 243 more hydrophobic than plasma cleaned surfaces. Since it had been shown that: (i) more oxidized 244 gold surfaces are more hydrophilic [23], and (ii) the intention of spin-coated chitin is to interact 245 with its surface more effectively by sampling more hydrogen bonds outside its internal structure 246 suffice, but the measured SPR spectra at both wavelengths fit the models well. Therefore we always 265 fitted both wavelengths in one model to enhance accuracy. The PS coated Au sensor was 266 determined in similar fashion: first the thickness of PS was determined, after which similar model 267 parameters of the chitin on Au-model were applied to obtain the Au-PS models in air. From the 268 models it is clear that the layer's refractive indices (n) in air are much lower than reported for 269 shrimp chitin, which is reported at n = 1.61 [18] . This behavior has previously been observed for 270 spin-coated chitin for which the refractive index can vary greatly between n = 1.30 -1.47 depending 271 on the solvent used [29] . 272
In order to determine the refractive index of chitin after the introduction of buffer, the total internal 274 reflection (TIR) angle was manually fitted in the Layersolver software for the Au-chitin layer. 275
Based on the principle that the bulk effect in the SPR curves is constant, while we assume the Au 276 layer to be constant, the changes in the TIR angle-shape during the stabilization of the TIR angles 277 and overall SPR signal are indicative to the changes in thickness. In addition, it is known that 278 hydrogels, such as polyacrylamide gels have a lower refractive index than the starting material [30] . the Au-chitin models in buffer, and used them as initial values to manually fit the experimental data 290 as above to find a realistic range of the thickness and n-values for the Au-PS-chitin layer in buffer. 291
All four resulting models fit the experimental data the best ( fig. 4C and 4F ). In addition, an apparent 292 change in the thickness of the PS layer had to be corrected for in the models. Therefore we fitted the 293 sensor parameters simultaneously with the layer (table 1). It is known that DMA damages PS [31], 294 however as we observed in Scanning Electron Microscopy (SEM) imaging ( fig. 8C and 8D) , 295 enough PS has remained during the short period of interaction with DMA in the spin-coating 296 process. Since DMA is removed during spin-drying [32] and the PS is not severely damaged during 297 The chitin-binding domain bound very tightly to both chitin layers and we did not observe a 344 dissociation phase, however there was a clear difference in binding to spin-coated chitin on gold 345 versus spin-coated chitin on a thin polystyrene layer. Not only was the binding of the CBD to chitin 346 on PS must stronger, the binding rates were higher, and were more specific (table 2 and figure 6). 347
The binding constants for various CBDs have been mainly determined by means of solution 349 depletion studies and ICT (table 3) . Though the theoretical differences between the solution 350 depletion method and SPR had been thoroughly described [36, 37] , to the best of our knowledge we 351 could find only one direct comparison of both methods of a protein interaction with a 352 polysaccharide: the study of BSA binding to cellulose. When the binding constant of BSA to determined with the solution depletion method was over 2000-fold higher than with SPR. Though 362 the ease of the solution depletion method cannot be denied, SPR offers a more detailed analysis of 363 the surface properties and is more sensitive. On the other hand, as pointed out by Lombardo et al. 364 [38], during SPR measurements, a constant flow of BSA is supplied over immobilized cellulose, 365
forcing the protein to adsorb to a higher extent. ITC seems to be closer in correlation with SPR than 366 the depletion method. Therefore, when comparing the values in table 3 derived from the solution 367 depletion method with SPR, we can expect lower K d values with at least one order of magnitude. In 368 addition, as determined by Hashimoto et al. [44] , CBD CHA1 binds only to insoluble chitin. This may 369 explain the even higher affinity (i.e. smaller K d ) in the case of chitin spin-coated on the polystyrene 370 surface, since the chitin layer formed a stable, uniform layer immediately upon the introduction of 371 buffer B. 372
The chitin structure had an effect on its interaction with CBD-IN N and IN C -eGFP. Though in both 374 the Au-chitin and the Au-PS-chitin surface the CBD-IN N and IN C -eGFP interaction followed a 375 capture and collapse mechanism the kinetic data fitting of our SPR experiments (Fig. 7) In summary, this work highlights the differences between two different sensor chips and their 386 implication for the study of chitin binding proteins and chitin binding domain as an immobilizing 387 agent for the study of split-inteins. The spin-coated films of chitin using with DMA/LiCl as a 388 solvent is damaging for the gold layer, despite the use of EDTA in the SPR running buffer. 389
Polystyrene on a gold sensor protects the gold layer from the solvent well enough for a 390 homogeneous chitin layer to form during the spin-coating process. SPR is a suitable tool to 391 determine the thickness of the spin-coated layers before applying buffer, during the introduction of 392 buffer to the system, and to investigate the binding behavior of protein binding to the sensors. The 393 utility of chitin films as biosensors is evident from the chitin binding domain binding studies. These (2) B max values of BliCBP were 1.28 ± 0.007 μmol/g for α-chitin and 1.6 ± 0.18 μmol/g for β-chitin. 543 was observed. 545 (4) Upper limit for affinity, as precision in fits cannot be obtained due to the limited dissociation of 546 these samples. 547 548 
